Lithium-ion battery is a rechargeable battery with high energy density, and it is fabricated by laminating of electrodes with separator. In fabrication process, it is important for evaluation of contact state of laminated electrodes to estimate current density between the electrodes. This paper describes a novel technique to estimate the current density by using magnetic sensor. This technique applies an inverse analysis on magnetic flux density induced around the lithium-ion battery impressed with inspection current. In the inverse analysis, boundary element method for thin plate is applied to derive the observation equation relating the current density to the magnetic flux density. Then truncated singular value decomposition is applied on the observation equation. In order to demonstrate the validity of the proposed technique, numerical simulations have been performed by using a model consisted with the electrodes and separator. In the numerical simulations, the correct distribution of the current density was given in advance, and the direct analysis was applied to obtain the simulation data of the magnetic flux density. Then the inverse analysis was applied on the simulation data. The results show that the correct distribution of the current density can be obtained by the proposed technique. In addition, though the estimation accuracy is lower when fewer number of decimals of the magnetic flux density data is utilized, the tendency of the correct distribution can be obtained due to the truncation of the rank of the singular value matrix.
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1 Fig. 1 Schematic of rectangular lithium-ion battery. In fabrication process, the positive electrode (anode) and the negative electrode (cathode) are laminated with the separator. Each electrode is attached to terminal at its edge to flow current in the electrode. In the proposed technique, the terminal is utilized to flow inspection current before packaging process. Each of the anode and the cathode is modeled as a thin plate. It is presumed that the separator is much thinner than electrodes and the current density in the separator flows along Z direction. Therefore the separator is excluded in this modeling.
(18) (20) (Akaike, 1974; , 1992; Burnham and Anderson, 2002) 5. 6 The distribution of the current density estimated by the inverse analysis of the data shown in Fig. 5 . This result has good agreement with the correct distribution of the current density. Fig. 7 The censored distribution of the magnetic flux density under the condition (1). It rounds off the magnetic flux density shown in Fig. 5 to one decimal place in units of μT. Fig. 8 The distribution of AIC in the inverse analysis process of the magnetic flux density under the condition (1). This figure indicates the difference from the minimum of AIC (min(AIC)) in the inverse analysis process of each simulation data of the magnetic flux density. Fig. 9 The distribution of the current density estimated by the inverse analysis of the magnetic flux density under the condition (1). The left figure shows the estimation result from the data shown in Fig. 7 . Though the estimation accuracy is low compared with Fig. 6 , the tendency of the correct distribution is obtained. The right figure shows the estimation result when the number of decimals of the magnetic flux density is varied in units of μT. Due to the truncation of the rank of the singular value matrix, the tendency of the correct distribution is obtained in each simulation data of the magnetic flux density. Fig. 10 The distribution of the current density estimated by the inverse analysis of the magnetic flux density under the condition (2). The uniform distribution of the current density is obtained when the number of decimals of the magnetic flux density is higher than 1 in units of μT. On the other hand, there is large difference from the correct distribution in the estimation result without the truncation of the rank of the singular value matrix (number of decimal = 1, truncation rank k = 96) as shown in this figure. Fig. 11 The distribution of the current density estimated by the inverse analysis of the magnetic flux density under the condition (3). The high current density at (X,Y ) = (75, 75) is obtained when the number of decimals of the magnetic flux density is higher than 1 in units of μT. Figure 11 shows that the tendency of the correct distribution can be obtained by the proposed technique, even if the distribution is given as delta function. This result is also found in Figs. 12 and 13 as follows. Fig. 12 The distribution of the current density estimated by the inverse analysis of the magnetic flux density under the condition (4). The high current density at (X,Y ) = (50, 50) and (75, 75) is obtained when the number of decimals of the magnetic flux density is higher than 1 in units of μT. Fig. 13 The distribution of the current density estimated by the inverse analysis of the magnetic flux density under the condition (5). The high current density along the line from (X,Y ) = (50, 50) to (75, 75) is obtained when the number of decimals of the magnetic flux density is higher than 1 in units of μT.
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